Aberrant matrix turnover with elevated matrix proteolysis is a hallmark of tendon pathology. While 
Introduction 18
Tendon is a highly specialized connective tissue that consists largely of sparsely distributed stromal structures of the extrinsic compartment resulting in neo-vascularization, neuronal ingrowth, immune tendon phenotypes clearly demonstrate the presence of blood vessels within the tendon proper, it Wrapping layers are present at several hierarchical levels and are named endotendon, epitenon and paratenon (from lowest to highest level). It is thought that intrinsic and extrinsic compartments interact with each other at all levels to ensure proper tissue maintenance during homeostasis or repair. In a healthy homeostatic tissue tendon fascicles are loaded, while unloading of tendon fascicles may occur due to overloading and subsequent rupture of sub-tissue structures or upon immobilization. (B) In our ex vivo model the impaired tendon core is represented by an unloaded murine tail tendon fascicle. By varying temperature, oxygen and serum content of the culture conditions we mimicked the degree of involvement of the extrinsic compartment on the cell-driven healing process. resident stromal cells, specifically hypothesizing that the tissue niche is an important regulator of ZH265/14) and a total number of 40 mice was used. 50% Glycerol:PBS solution. Z-stack fluorescent images were obtained in triplicates by using a 
132
For transmission electron microscopy whole mouse tail tendon fascicles were fixed in 2.5% 133 glutaraldehyde (G5882, Sigma-Aldrich) in 0.1M Cacodylat buffer (pH 7 were normalized using the quantile method, and differential expression was computed using the quasi-
(https://bioconductor.org/packages/devel/bioc/manuals/DESeq2/man/DESeq2.pdf). Gene ontology (GO) enrichment analysis was performed using Bioconductor packages goseq [44] and GOStats [45] .
correct data interpretation. Differentially expressed genes were considered at a p-value < 0.05 and a 179 log2ratio > 1. Pathway analyses were performed using MetaCore database via GeneGo tool from
180
Thomson Reuters (https://portal.genego.com/) and the Kyoto Encyclopedia of Genes and Genomes
181
(KEGG) database.
183 184
Detection of reactive oxygen species
185
To quantify the production of reactive oxygen species (ROS) tendon fascicles (n=6, independent
186
samples from different mice) were stained with 2′,7′-Dichlorofluorescin diacetate (DCFH-DA, D6883, 
209

Inhibition experiments
From the beginning of the incubation time medium was supplemented with the ROS inhibitor Tempol
212
(4-hydroxy-2,2,6,6-tetramethylpiperidin-1-oxyl)) (1mM, 176141-1G, Sigma), the collagenase inhibitor 
226
and protease inhibitor cocktail (cOomplete EDTA-free, Roche) using a Barocycler 2320ETX (Pressure
227
Biosciences Inc.) ( Figure 6A ). 
274
Raw data files of the secretome experiments were processed by PD using the label-free quantification 
305
High tensile strength and high elastic modulus characterize a functional tendon, allowing it to transmit 306 muscle forces across joints of the body. To evaluate the effect of tissue culture niche on tendon 307 integrity we measured the elastic moduli of tendon fascicles after 6, 12, 18 and 24 days (d6 -d24).
308
Elastic moduli were calculated from force-displacement curves that were recorded on a custom-made 309 uniaxial test device [43] . The elastic modulus of freshly isolated (uncultured) fascicles was 1300 MPa
310
(sd: 242 MPa). Under serum-free conditions, the elastic moduli were not affected by load-deprived were compared to the freshly isolated control (d00) within each condition (n = 6 independent samples from different mice, pvalues: * < 0.05, ** < 0.01). 
and intact tendon fascicles
391
Because we previously showed that tendon fascicles in the HiO 2 HiT+ condition lose mechanical 392 properties, which most likely involves ECM breakdown, and due to the fact that pathway analysis of
393
DEGs suggests lysosomal degradation as a main process, we examined the GO term "proteolysis"
394
(GO:0006508). Indeed, we found 96 DEGs to be annotated to "proteolysis" of which 67 were up- properties as measured by the elastic moduli ( Figure 5A ). Therefore, we also investigated the combined 
430
Taken together, our findings suggest that elevated oxygen and temperature act as pathological drivers
431
of fibroblasts in the tendon core. These cells undergo multifactorial molecular processes that involve 432 oxidative-stress and immune system activation pathways. Inhibiting these pathways was sufficient to 433 abrogate extracellular matrix degradation and functional impairment in unloaded tendon explants. 
Discussion 477
Tendon is a tissue with a low innate regenerative capacity, a limited number of resident fibroblasts with 478 normally low metabolic activity, and low tissue vascularity [56, 57] . The mechanisms of tendon 479 remodelling after injury or in chronic tissue pathologies are poorly understood. Observational studies 480 describe the recruitment of cells from the extrinsic tissue compartments (blood vessels, inflammatory 481 mediators) to the tendon core in chronically disordered tendon tissue [39] [40] [41] [42] . However, the interplay 482 between the intrinsic tendon core comprised of collagenous ECM and tendon fibroblasts, and the 483 extrinsic peritendinous support tissues during injury and repair remains largely unknown. In this work
484
we studied how the tendon core responds to mechanical load deprivation (that mimics a damage 485 scenario), and how this response may be mediated by presence or lack of a vascularized tissue niche.
486
This question has implications to both understanding chronic tendon disease, and surgical repair of torn 487 tendons.
489
In this study, tendon microtear with localized matrix unloading was modelled using free-floating 
492
well suited to the mechanistic study of cell-mediated matrix remodelling in pathophysiological contexts 493 [58] [59] [60] [61] [62] . Exploiting this model, we confirmed that standard tissue cultures (elevated nutrient supply,
494
37°C and 20% pO 2 ) triggered the loss of mechanical properties as shown previously [59, 60, 63, 64] .
495
Strikingly, tendon fascicles that were cultured free-floating with serum at 29°C and 3% pO 2 fully 496 maintained their mechanical properties as well as their viability. The additional extrinsic cues of 497 hyperoxia and hyperthermia were required to initiate stromal compartment remodelling. We interpret these cues to represent a vascularized tendon niche, such as expected after severe injury or in advanced 499 stages of tendon disease.
were not responsible for accelerated tissue degradation at higher temperatures [65] 
519
the immune system and inflammatory response by increased cytokine production [73] [74] [75] . According to 520 our RNA-seq dataset it is also conceivable that ROS production and subsequent MMP activation occur 521 via NADPH oxidase. We identified the CYBB gene (also known as NOX2), a member of the NADPH 522 oxidase family, which is described to be present in a large number of tissues including thymus, colon, 523 testis, neurons, skeletal muscle myocytes and endothelial cells, among others [76] . However, it is still 524 widely accepted that CYBB has phagocyte-specific tissue expression. Therefore it seems likely that the 525 cells of the tendon fascicles express a phagocytic-like character. This assumption is further 526 strengthened by the identification of different pathways that are associated with phagocytosis and 527 lysosomes. Phagocytosis is a process of endocytosis when extracellular solid particles are engulfed.
528
The phagosome, the intracellular vacuolar compartment generated during phagocytosis, fuses with the 529 lysosome, an intracellular structure that contains hydrolytic enzymes such as cathepsins, to produce the osteoclasts, cells closely related to the family of professional phagocytes [78] . Specifically, the up-533 regulated PPAR gene, which is involved in osteoclast differentiation processes, was recently shown to 534 induce a lysosome-controlled ECM catabolism [79] . In line with these results, matrix resorption in our 535 degraded tendon model might be accelerated by lysosomal proteases upon release from lysosomal 536 vesicles that fuse with the plasma membrane as cathepsins were found both in tissue proteome and 537 secretome [80] . While in bone, cathepsin K is the driving force in ECM degradation, our degradomic 538 data suggest that cathepsins B, C, S and Z are mainly involved in tendon tissue breakdown [81] .
539
Interestingly, many cells with a phagocytic character are also the effector cells of the innate immune 540 system thereby acting to enhance inflammation. Likewise, fragments of proteases may also elicit pro-541 inflammatory signalling [82] [83] [84] . Therefore, it is tempting to speculate that phagocytosed ECM 542 components are cleaved by proteases within the lysosome and the generated fragments may 543 subsequently serve as mediators of inflammation and immune response as so called damage-associated 544 molecular patterns (DAMPs) [85] [86] [87] . DAMPs are known to initiate a non-infectious inflammatory 545 response by activating antigen-presenting cells to become stimulatory to the adaptive immune system 546 [88, 89] .
547
Taken together, exogenous peptides generated from extracellular matrix breakdown after acute loss of 548 mechanical tension in a pathological tissue may be internalized by phagocytosis, processed in the 549 phagolysosome to produce fragments that serve as "antigens", which are finally presented to the 550 immune system via class I MHC (also found induced in our RNA-seq data) in tendon fibroblasts. This 551 process, also known as cross-presentation [90] , has been identified as the most significantly regulated 552 pathway in our impaired tendon model. It may be that a small fraction of cleaved matrix fragments 553 remain to act as DAMPs, while the majority is eventually recycled into the functional matrix. This 554 concept of recycling of ECM proteins during remodelling is supported by evidence that de novo 555 synthesis of ECM in healthy tendon appears to be very limited over the course of an individual lifetime 556 [91] .
557
Among the limitations of the present work is that it only captures unidirectional extrinsic gating of the 
578
We present a tendon ex vivo model that by changing the culture environment can be used to reflect 579 tendon physiology or pathophysiology. To our knowledge this is the first study to in-depth investigate 580 the events leading to tissue degradation at the tissue (biomechanics, tissue morphology, cell viability) 581 and molecular level (transcriptomics and degradomics) and thereby offering broad insight into how 582 multifactorial molecular processes may converge to a possible mechanism, by which ECM homeostasis 583 is shifted towards degradation. Collectively, we anticipate that our study will have a significant impact 584 in the field of tendon biology by contributing to a more mechanistic understanding of tendon Figure S1 : Superficial temperature of the mouse tail was estimated by measuring infrared emission at different locations. Skin temperature decreases with increasing distance to the body core. The tail of rodents is thought to act as a temperature regulator. Mann-Whitney U tests were performed using in RStudio by comparing the Tempol-supplemented group to the "HiO2HiT+" group (n = 4, p-values: * < 0.05).
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